
 

 
 
 

MEMORANDUM 
 
 
TO: Ms. Maria Morelli, AICP, Senior Planner, Town of Brookline 

FROM: Deborah M. Danik, PE, LEED AP BD+C, Nitsch Engineering 
Brittney Veeck, PE, Nitsch Engineering 
 

DATE: February 27, 2019 
 

RE: 1180 Boylston Street, Brookline, MA 
Drainage Analysis 

 
PROJECT SUMMARY 
 
The project site consists of two parcels at 1180 Boylston Street and 612-614 Hammond Street and is 
approximately 17,690 square feet (sf) total.  The existing site is bounded by Boylston Street (a 
Massachusetts Department of Transportation roadway) to the north, Hammond Street to the west, and 
private properties to the east and south.  
 
The existing site at 1180 Boylston Street is 14,719 square feet and the location of an abandoned gas station. 
Until portions of the site were recently demolished for removal of the gas pumps and site investigation, the 
majority of the site was paved. Prior to the selective demolition, the site contained one building used for 
vehicle repair and a convenience store, gas station pumps, paved parking and pump access areas, a dirt 
area behind the building, and small mulched and landscaped medians. Site stormwater runoff is collected by 
a closed drainage system consisting of trench drains and a catch basin and discharged untreated into the 12-
inch drain main in Boylston Street.  
 
The property at 612-614 Hammond Street is 2,971 square feet and includes a retail building and little exterior 
space with impervious cover. No drainage system can be observed onsite and Nitsch does not have any 
records showing a drainage connection from the roof to the 8-inch storm drain in Hammond Street. The 8-
inch storm drain in Hammond Street flows north and connects to the 12-inch storm drain in Boylston Street 
adjacent to 1180 Boylston Street. 
 
The site investigation noted above included a geotechnical investigation by GEI Consultants.  Results of the 
investigation are summarized in a report entitled “Subsurface Explorations and Geotechnical 
Recommendations for 1180 Boylston Street, Brookline, Massachusetts,” dated April 2015.  The report and 
geotechnical borings indicate that the existing groundwater levels observed ranged from about 8-feet to 11-
feet below ground surface.  Seasonal high groundwater elevations were not evaluated for the site.  Bedrock 
was also encountered in the majority of the site borings and the depth ranged from 2-feet to 24-feet below 
ground surface. 
 
The proposed Project includes the construction of a new apartment building and a two-story underground 
parking garage estimated to extend 25-feet below grade.  The proposed parking garage covers the entire of 
the private site, with access to the parking garage provided by a driveway connection to Boylston Street.  
Refer to Table 1 for a comparison of the existing and proposed land use.  
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Table 1: Land Use Comparison        

  Existing Proposed 

  Area Area Percent Area Area Percent 

  (sf) (acre) (%) (sf) (acre) (%) 

Pavement for vehicular access 9,900 0.23 56.0% 3,310 0.03 18.7% 

Roof 4,133 0.09 23.4% 13,864 0.37 78.4% 

Pervious  3,657 0.08 20.7% 516 0.01 2.9% 

Total 17,690 0.41 100.0% 17,690 0.34 100.0% 

 
While the proposed project results in a minor increase in impervious area on the site, the area of pavement 
used for vehicular access is reduced by more than 60%.  This change in use will decrease the associated 
pollutant loads in stormwater runoff from the site, including total suspended solids, phosphorus, and 
oils/grease and result in a substantial improvement to the stormwater quality leaving the site. 
The proposed project includes an upgraded stormwater management system to collect, detain, and treat 
stormwater runoff from the site prior to overflowing to the drain main in Boylston Street (see attached plan 
C1.00 – Site Utility Plan).  In the proposed condition, roof runoff from the building will be collected and 
detained in a 6,300 gallon stormwater storage tank located within the building.  The tank will detain 
stormwater and overflow to the drain main in Boylston Street via a gravity connection with stormwater 
pumped from the bottom of the tank. Stormwater runoff from the driveway above the parking garage will be 
collected and treated using a proprietary stormwater quality structure before discharging to the drain main in 
Boylston Street.  The proposed stormwater management system mitigates stormwater runoff leaving the 
project site, resulting in a reduction in the peak rate of runoff compared to the existing condition.   
 
HYDROLOGIC ANALYSIS 
 
Nitsch Engineering completed a hydrologic analysis of the existing project site utilizing Soil Conservation 
Service (SCS) Runoff Curve Number (CN) methodology.  The existing site was analyzed using the plan 
entitled “ALTA/ACSM Land Title Survey,” prepared by Boston Survey Inc., dated 05/13/2016, which was 
completed prior to the partial demolition of the site (see attached plan). The SCS method calculates the rate 
at which the runoff reaches the design point considering several factors:  the slope and flow lengths of the 
subcatchment area, the soil type of the subcatchment area, and the type of surface cover in the 
subcatchment area.  HydroCAD Version 10.00-20 computer modeling software was used in conjunction with 
the SCS method to determine the peak runoff rates and runoff volumes for the 2-, 10-, 25-, and 100-year, 24-
hour storm events.  The proposed project site was analyzed with the same methodology. The HydroCAD 
analyses for the existing and proposed conditions are attached.  
 
Nitsch Engineering analyzed the existing and proposed runoff volumes for the existing and proposed site. 
The results are summarized below in Table 2 in cubic feet (cf). 
 
Table 2 – Runoff Volume to Boylston Street Drainage System 
 

Storm Event 
2-year 

3.2” depth 

10-year 

4.7” depth 

25-year 

5.5” depth 

100-year 

6.7” depth 

Existing Volume (cf) 3,605 5,755 6,913 8,660 

Proposed Volume (cf) 4,272 6,471 7,647 9,412 

Change in Volume (cf) +667 +716 +734 +752 
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The Town of Brookline has indicated that the tank within the building should be sized to hold the increase in 
volume in the 25-year storm event. In the design previously approved by the Town, Nitsch Engineering 
proposed using a 6,300 gallon tank. The updated drainage analysis shows that 734 cf or approximately 5,500 
gallons is required, however the project will install the 6,300 gallon tank to hold the same volume of 
stormwater that was previously committed to. Nitsch performed the hydrologic analysis with areas from the 
entire site, including the 612-614 Hammond Street site, to compute the peak rates of runoff from the site in 
cubic feet per second (cfs). See Table 3 for results. 
 
Table 3 – Peak Rates of Runoff to Boylston Street Drainage System 
 

Storm Event 
2-year 

3.2” depth 

10-year 

4.7” depth 

25-year 

5.5” depth 

100-year 

6.7” depth 

Existing Peak Rate (cfs) 1.10 1.71 2.04 2.52 

Proposed Peak Rate (cfs) 0.87 1.21 1.37 1.61 

Chane in Peak Rate (cfs) -0.23 -0.50 -0.67 -0.91 

 
 
The project will reduce the peak rates of stormwater runoff from the site and into the 12-inch drain main in 
Boylston Street.  The 25-year storm peak runoff rate will be reduced from 2.04 cubic feet per second (cfs) to 
1.37 cfs.  The tank size allows for the increase in volume for the 25-year storm event to be stored and 
released into the drainage system at a slower rate so as not to adversely affect the capacity of the main. 
 
 
12-INCH MAIN CAPACITY 
 
Nitsch Engineering analyzed the capacity of the existing 12-inch drain main in Boylston Street using the 
Manning’s equation and assuming a constant 1.5% slope for the main.  Based on these constraints Nitsch 
Engineering estimated the capacity of the 12-inch main directly adjacent to the site to be approximately 4.35 
cfs or 375,840 cf/day.   
 
The existing site discharges 6,913 cf of stormwater over the course of a 24-hour period during the 25-year 
storm event. This volume is approximately 1.8% of the capacity of the 12-inch drain main pipe over the 
course of 24 hours.  

The proposed site will discharge 7,647 cf of stormwater over the course of 24 hours during the 25-year storm 
event.  This volume is approximately 2.0% of the capacity of the pipe over the course of 24 hours, or an 
increase of 0.2% from the existing condition.  The discharge of this additional volume will be spread out over 
a longer timeframe than the discharge in the existing condition with the installation of the proposed 
stormwater management system and tank.  

 
BROOKLINE STORMWATER STANDARDS 
 
Below is a summary of the Town of Brookline stormwater requirements and the project approach for 
compliance:  
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On-site infiltration structures shall be designed to retain the 25-year storm.  On-site infiltration 
systems shall be installed 10-feet off the building foundation, 10-feet off the property line and cannot 
be located under the building or Town sidewalks. 
 
Infiltration of stormwater was considered during the design process as part of the proposed stormwater 
management system.   However, given the small site area and the proposed building design, including the 
underground parking garage footprint, an infiltration system is not feasible at this site.  The proposed parking 
garage footprint encompasses the whole site.  This does not allow for an infiltration system to be installed at 
the site other than to locate the recharge system under the building.  The Town of Brookline not allow 
stormwater recharge systems under proposed buildings and according to the Geotechnical Engineering 
Report, the majority of the underground parking garage will be located within groundwater, given the bottom 
of the proposed underground parking is anticipated to be approximately 17-feet below the groundwater table.  
The project will reduce the peak rates of stormwater runoff from the site. The 25-year storm peak runoff rate 
will be reduced from 2.04 cfs to 1.37 cfs. Since it is not feasible to reduce the stormwater runoff volume from 
the site through infiltration, the focus of the stormwater management system was peak stormwater runoff rate 
mitigation for the 25-year storm, rather than retaining the 25-year storm volume. 
 
Phosphorous in stormwater should be reduced in the Post-Development Condition. 
 
The Massachusetts Department of Environmental Protection (MassDEP) has developed a Total Maximum 
Daily Load (TMDL) for phosphorus in the Charles River as part of the Clean Water Act and the U.S. 
Environmental Protection Agency’s (EPA) Water Quality Planning and Management Regulations.  In 2016, 
the EPA issued the Massachusetts Small Municipal Separate Storm Sewer System (MS4) General Permit, 
which includes provisions that contain TMDL-based requirements that permittees (such as the Town of 
Brookline) shall implement to be consistent with the terms of the approved TMDL.   
 
The existing 12-inch drain main in Boylston Street receiving runoff from the Project site eventually discharges 
to the Charles River.  As such, Nitsch Engineering is providing calculations to estimate the phosphorus load 
reduction provided by the proposed Project.  Phosphorus load reduction results from the change in land use 
from a commercial gas station to a residential building with minimal non-roof area and the construction of a 
new stormwater management system.  
 
The phosphorus calculation guidelines developed by the EPA for the Small MS4 Permit provide phosphorus 
load export rate for various land uses.  According to Table 2-1 in Attachment 2 to Appendix F of the Small 
MS4 Permit, the annual phosphorus load export rate is 1.78 pounds per acre per year (lbs/acre/yr) for 
commercial impervious surfaces, 2.32 lbs/acre/year for residential impervious surfaces, and 0.21 
lbs/acre/year for pervious surfaces.  Table 2-1 is provided as an attachment with this memo. 
 
The EPA guidelines do not distinguish between roofs and at-grade pavement for the annual phosphorus load 
export rates.  Nitsch Engineering has compiled research data that suggests phosphorus loads from roofs are 
generally less than that from roadways and parking areas for both commercial and residential areas.  Table 3 
summarizes the compiled research data for residential, commercial, and industrial roofs, as well as streets 
and parking lots. By averaging the estimated phosphorus load from the research for each land use, the 
phosphorus loads for commercial is 0.85 lbs/ac/yr and residential roofs is 0.67 lbs/ac/yr, respectively. 
 
The phosphorus load for the commercial gas station site and proposed residential project were estimated 
using the EPA loading rates for impervious and pervious surfaces located at-grade, and the researched 
loading rates for roofs, as shown in Table 5.  It is anticipated that the proposed change in land use will 
reduce phosphorus loads by 0.11 lbs/ year or a 22% reduction.   
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Table 4 - Compiled Research Data for Phosphorus Loads from Impervious Surfaces 

Study Location Land Use 

Concentration 

(mg/L) 

Average Annual TP 

Loading (lbs/acre) 

Goldsboro, NC1 Residential/Rural Roof 0.05 0.56 

Marquette, MI2 Residential Roof 0.06 0.43 

Madison, WI3 Residential Roof 0.15 1.02 

Kinston, NC1 Commercial Roof 0.09 1.08 

Marquette, MI2 Commercial Roof 0.09 0.65 

Madison, WI3 Commercial Roof 0.20 1.36 

Allston, MA4 Commercial Roof 0.03 0.32 

Madison, WI3 Industrial Roof 0.75 0.75 

Madison, WI3 Industrial Parking Lot 0.39 2.65 

Marquette, MI2 Commercial Parking Lot 0.20 1.45 

Madison, WI3 Commercial Arterial Street 0.47 3.20 

Marquette, MI2 High Traffic Street 0.31 2.24 

Marquette, MI2 Low Traffic Street 0.14 1.01 

1Moran, A. C. 2004.  A North Carolina Field Study to Evaluate Greenroof Runoff Quantity, Runoff Quality, and Plant Growth. 
M.S. thesis, Biological and Agricultural Engineering Dept., Raleigh, North Carolina: North Carolina State University. 
2Center for Watershed Protection. Stormwater Pollution Source Areas Isolated in Marquette, Michigan. Article 15, Technical 
Note #105 from Watershed Protection Techniques. 3(1): 609-612. 
3Bannerman, R., D. Owens, R. Dodd and N. Hornewer. 1993. Sources of Pollutants in Wisconsin Stormwater. Water Science 
Technology. 28(3-5): 241:259. 
4Unpublished data collected for 5.95-acre rooftop in Allston, MA. 

 
 
Table 5 – Phosphorus Loading Calculation 

 
 
 

  Existing (Commercial) Proposed (Residential) 

  Area Area 

Export 

Rate 

Phosphorus 

Load Area Area 

Export 

Rate 

Phosphorus 

Load 

  (sf) (ac) (lbs/ac/yr) (lbs/yr) (sf) (acre) (lbs/ac/yr) lbs/yr 

Pavement for 

vehicular access 
9,900 0.23 1.78 0.41 

3,310 0.03 2.32 0.19 

Roof 4,133 0.09 0.85 0.08 13,864 0.37 0.67 0.21 

Pervious  3,657 0.08 0.21 0.02 516 0.01 0.21 0 

Total 17,690 0.41  0.51 17,690 0.41   0.40 

Reduction (lbs/yr) 0.11 

Reduction (%) 22% 
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Infiltration structures shall be designed in accordance with MassDEP Stormwater Management 
Standards. 
 
The stormwater management plan for this site has been designed in accordance with the Massachusetts 
Department of Environmental Protection (MassDEP) Stormwater Management Standards, as summarized in 
the following section.  
  
 
COMPLIANCE WITH MASSDEP STORMWATER MANAGEMENT STANDARDS 
 
Brookline Engineering requires projects to meet the MassDEP Stormwater Management Standards. Since 
the Project site is a developed site in an urban area, the Town of Brookline considers this project to be a 
redevelopment project.  A redevelopment project is required to meet the following Stormwater Management 
Standards only to the maximum extent practicable:  Standard 2, Standard 3, and the pretreatment and 
structural stormwater best management practice requirements of Standards 4, 5, and 6. Existing stormwater 
discharges shall comply with Standard 1 only to the maximum extent practicable.  As required by MassDEP, 
this redevelopment project reflects a significant improvement over the existing condition. 
 
Standard 1: No New Untreated Discharges 

The Project will not discharge any untreated stormwater directly to or cause erosion in wetlands or waters of 
the Commonwealth.  Stormwater from the site will be collected and treated in accordance with the City of 
Brookline requirements and the MassDEP Stormwater Management Standards.  Stormwater runoff from the 
roof is considered “clean” and therefore will not be treated. Stormwater runoff from the driveway over the 
underground parking garage will be collected and brought into the building. It will be treated using a 
proprietary treatment device prior to being discharged in the 12-inch drain main in Boylston Street. 
  
Standard 2:  Peak Rate Attenuation 

The proposed stormwater management system has been designed so that the post-development peak 
discharge rates do not exceed pre-development peak discharge rates.  To prevent storm damage and 
downstream flooding, the proposed stormwater management practices will mitigate peak runoff rates for the 
2-, 10-, 25- and 100-year, 24 hour storm events.  A summary of the peak discharge rates is provided in Table 
3 - Peak Rates of Runoff to Boylston Street. 
 
Standard 3:  Groundwater Recharge 

As a redevelopment, the Project is required to comply with Standard 3 to the maximum extent practicable.  
The site was designed with a stormwater collection tank within the building. The underground parking garage 
spans the entire property and does not allow for any infiltration onsite. Brookline does not allow infiltration 
within the right-of-way and therefore, no groundwater recharge can be done as part of this project.  
 
Standard 4:  Water Quality Treatment 

The proposed stormwater management system will be designed to remove 80% of the average annual post-
construction load of Total Suspended Solids (TSS) for all proposed vehicular access areas.  Treatment will be 
provided using a proprietary water quality structure that has been sized to capture the required water quality 
volume (1 inch over paved impervious area) and remove a minimum of 80% of total suspended solids.  The 
proposed roof runoff is considered “clean” and does not require treatment prior to discharge. 
 
Standard 5:  Land Uses with Higher Potential Pollutant Loads 

The Project is not anticipated to be classified as a Land Use with Higher Potential Pollutant Loads 
(LUHPPLs) as defined by MassDEP.  Therefore, this standard is not applicable.   
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Standard 6:  Critical Areas  

The Project is not located within any critical areas.  Therefore, this standard is not applicable.   
 
Standard 7:  Redevelopments 

The Project is a redevelopment under the MassDEP Stormwater Management Standards.  A redevelopment 
project is required to meet the following Stormwater Management Standards only to the maximum extent 
practicable:  Standard 2, Standard 3, and the pretreatment and structural stormwater best management 
practice requirements of Standards 4, 5, and 6.  Existing stormwater discharges shall comply with Standard 1 
only to the maximum extent practicable.  A redevelopment project shall also comply with all other 
requirements of the Stormwater Management Standards and improve existing conditions.   The Project 
meets the requirements of Standard 7. 
 
Standard 8:  Construction Period Pollution Prevention and Sedimentation Control 

A plan to control construction-related impacts, including erosion, sedimentation, and other pollutant sources 
during construction and land disturbance activities (construction period erosion, sedimentation, and pollution 
prevention plan) will be developed prior to the start of construction.   
 
Standard 9:  Operation and Maintenance Plan  

A post-construction operation and maintenance plan will be prepared prior to construction and will be 
implemented to ensure that stormwater management systems function as designed.  Source control and 
stormwater BMP operation requirements will be summarized in the Long-Term Pollution Prevention Plan and 
Operation and Maintenance Plan.   
 
Standard 10:  Prohibition of Illicit Discharges 

There will be no illicit discharges to the stormwater management system associated with the Project.   
 
 
ATTACHMENTS 

• Table 2-1 in Appendix F, Attachment 2 of the Massachusetts Small Municipal Separate Storm Sewer 
System (MS4) General Permit 

• Existing HydroCAD Calculations 

• Proposed HydroCAD Calculations 

• ALTA/ACSM Land Title Survey, prepared by Boston Survey, Inc., dated 05/13/2014 

• C1.00 – Site Utility Plan 
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• Table 2-1 in Appendix F, Attachment 2 of the Massachusetts Small Municipal Separate Storm Sewer 
System (MS4) General Permit 
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• Existing HydroCAD Calculations 
  



1S

Existing Site

2R

Boylston Street

Routing Diagram for 11496DA--2019-02-26
Prepared by {enter your company name here},  Printed 2/26/2019

HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



11496DA--2019-02-26
  Printed  2/26/2019Prepared by {enter your company name here}

Page 2HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Area Listing (selected nodes)

Area

(sq-ft)

CN Description

(subcatchment-numbers)

3,657 74 >75% Grass cover, Good, HSG C  (1S)

9,900 98 Paved parking, HSG C  (1S)

4,133 98 Roofs, HSG C  (1S)

17,690 93 TOTAL AREA



11496DA--2019-02-26
  Printed  2/26/2019Prepared by {enter your company name here}

Page 3HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Soil Listing (selected nodes)

Area

(sq-ft)

Soil

Group

Subcatchment

Numbers

0 HSG A

0 HSG B

17,690 HSG C 1S

0 HSG D

0 Other

17,690 TOTAL AREA
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Page 4HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Ground Covers (selected nodes)

HSG-A

(sq-ft)

HSG-B

(sq-ft)

HSG-C

(sq-ft)

HSG-D

(sq-ft)

Other

(sq-ft)

Total

(sq-ft)

Ground

Cover

Subcatchment

Numbers

0 0 3,657 0 0 3,657 >75% Grass 

cover, Good

0 0 9,900 0 0 9,900 Paved parking

0 0 4,133 0 0 4,133 Roofs

0 0 17,690 0 0 17,690 TOTAL AREA
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=17,690 sf   79.33% Impervious   Runoff Depth=2.45"Subcatchment 1S: Existing Site
   Tc=6.0 min   CN=93   Runoff=1.10 cfs  3,605 cf

   Inflow=1.10 cfs  3,605 cfReach 2R: Boylston Street
   Outflow=1.10 cfs  3,605 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 3,605 cf   Average Runoff Depth = 2.45"
20.67% Pervious = 3,657 sf     79.33% Impervious = 14,033 sf
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Summary for Subcatchment 1S: Existing Site

Runoff = 1.10 cfs @ 12.09 hrs,  Volume= 3,605 cf,  Depth= 2.45"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

3,657 74 >75% Grass cover, Good, HSG C
4,133 98 Roofs, HSG C
9,900 98 Paved parking, HSG C

17,690 93 Weighted Average
3,657 20.67% Pervious Area

14,033 79.33% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Existing Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

1

0

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=17,690 sf

Runoff Volume=3,605 cf

Runoff Depth=2.45"

Tc=6.0 min

CN=93

1.10 cfs
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Summary for Reach 2R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 79.33% Impervious,  Inflow Depth = 2.45"    for  2-Year event
Inflow = 1.10 cfs @ 12.09 hrs,  Volume= 3,605 cf
Outflow = 1.10 cfs @ 12.09 hrs,  Volume= 3,605 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

1

0

Inflow Area=17,690 sf
1.10 cfs

1.10 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=17,690 sf   79.33% Impervious   Runoff Depth=3.90"Subcatchment 1S: Existing Site
   Tc=6.0 min   CN=93   Runoff=1.71 cfs  5,755 cf

   Inflow=1.71 cfs  5,755 cfReach 2R: Boylston Street
   Outflow=1.71 cfs  5,755 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 5,755 cf   Average Runoff Depth = 3.90"
20.67% Pervious = 3,657 sf     79.33% Impervious = 14,033 sf
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Summary for Subcatchment 1S: Existing Site

Runoff = 1.71 cfs @ 12.09 hrs,  Volume= 5,755 cf,  Depth= 3.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

3,657 74 >75% Grass cover, Good, HSG C
4,133 98 Roofs, HSG C
9,900 98 Paved parking, HSG C

17,690 93 Weighted Average
3,657 20.67% Pervious Area

14,033 79.33% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Existing Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

1

0

Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=17,690 sf

Runoff Volume=5,755 cf

Runoff Depth=3.90"

Tc=6.0 min

CN=93

1.71 cfs
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Summary for Reach 2R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 79.33% Impervious,  Inflow Depth = 3.90"    for  10-Year event
Inflow = 1.71 cfs @ 12.09 hrs,  Volume= 5,755 cf
Outflow = 1.71 cfs @ 12.09 hrs,  Volume= 5,755 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)
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0

Inflow Area=17,690 sf
1.71 cfs

1.71 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=17,690 sf   79.33% Impervious   Runoff Depth=4.69"Subcatchment 1S: Existing Site
   Tc=6.0 min   CN=93   Runoff=2.04 cfs  6,913 cf

   Inflow=2.04 cfs  6,913 cfReach 2R: Boylston Street
   Outflow=2.04 cfs  6,913 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 6,913 cf   Average Runoff Depth = 4.69"
20.67% Pervious = 3,657 sf     79.33% Impervious = 14,033 sf



Type III 24-hr  25-Year Rainfall=5.50"11496DA--2019-02-26
  Printed  2/26/2019Prepared by {enter your company name here}

Page 12HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: Existing Site

Runoff = 2.04 cfs @ 12.09 hrs,  Volume= 6,913 cf,  Depth= 4.69"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

3,657 74 >75% Grass cover, Good, HSG C
4,133 98 Roofs, HSG C
9,900 98 Paved parking, HSG C

17,690 93 Weighted Average
3,657 20.67% Pervious Area

14,033 79.33% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Existing Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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w
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1

0

Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=17,690 sf

Runoff Volume=6,913 cf

Runoff Depth=4.69"

Tc=6.0 min

CN=93

2.04 cfs
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Summary for Reach 2R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 79.33% Impervious,  Inflow Depth = 4.69"    for  25-Year event
Inflow = 2.04 cfs @ 12.09 hrs,  Volume= 6,913 cf
Outflow = 2.04 cfs @ 12.09 hrs,  Volume= 6,913 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)
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0

Inflow Area=17,690 sf
2.04 cfs

2.04 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=17,690 sf   79.33% Impervious   Runoff Depth=5.87"Subcatchment 1S: Existing Site
   Tc=6.0 min   CN=93   Runoff=2.52 cfs  8,660 cf

   Inflow=2.52 cfs  8,660 cfReach 2R: Boylston Street
   Outflow=2.52 cfs  8,660 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 8,660 cf   Average Runoff Depth = 5.87"
20.67% Pervious = 3,657 sf     79.33% Impervious = 14,033 sf
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Summary for Subcatchment 1S: Existing Site

Runoff = 2.52 cfs @ 12.09 hrs,  Volume= 8,660 cf,  Depth= 5.87"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

3,657 74 >75% Grass cover, Good, HSG C
4,133 98 Roofs, HSG C
9,900 98 Paved parking, HSG C

17,690 93 Weighted Average
3,657 20.67% Pervious Area

14,033 79.33% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 1S: Existing Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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w
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0

Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=17,690 sf

Runoff Volume=8,660 cf

Runoff Depth=5.87"

Tc=6.0 min

CN=93

2.52 cfs
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Summary for Reach 2R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 79.33% Impervious,  Inflow Depth = 5.87"    for  100-Year event
Inflow = 2.52 cfs @ 12.09 hrs,  Volume= 8,660 cf
Outflow = 2.52 cfs @ 12.09 hrs,  Volume= 8,660 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 2R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)
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1

0

Inflow Area=17,690 sf
2.52 cfs

2.52 cfs
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Subcat Reach Pond Link
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Area Listing (selected nodes)

Area

(sq-ft)

CN Description

(subcatchment-numbers)

3,310 98   (6S)

516 74 >75% Grass cover, Good, HSG C  (6S)

13,864 98 Impervious  (3S)

17,690 97 TOTAL AREA
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Soil Listing (selected nodes)

Area

(sq-ft)

Soil

Group

Subcatchment

Numbers

0 HSG A

0 HSG B

516 HSG C 6S

0 HSG D

17,174 Other 3S, 6S

17,690 TOTAL AREA
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Ground Covers (selected nodes)

HSG-A

(sq-ft)

HSG-B

(sq-ft)

HSG-C

(sq-ft)

HSG-D

(sq-ft)

Other

(sq-ft)

Total

(sq-ft)

Ground

Cover

Subcatchment

Numbers

0 0 0 0 3,310 3,310

0 0 516 0 0 516 >75% Grass 

cover, Good

0 0 0 0 13,864 13,864 Impervious

0 0 516 0 17,174 17,690 TOTAL AREA
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=13,864 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment 3S: Proposed Site
   Tc=6.0 min   CN=98   Runoff=0.97 cfs  3,428 cf

Runoff Area=3,826 sf   86.51% Impervious   Runoff Depth=2.64"Subcatchment 6S: Driveway
   Tc=6.0 min   CN=95   Runoff=0.25 cfs  843 cf

   Inflow=0.87 cfs  4,272 cfReach 4R: Boylston Street
   Outflow=0.87 cfs  4,272 cf

Peak Elev=2.69'  Storage=283 cf   Inflow=0.97 cfs  3,428 cfPond 5P: Tank
   Outflow=0.67 cfs  3,428 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 4,272 cf   Average Runoff Depth = 2.90"
2.92% Pervious = 516 sf     97.08% Impervious = 17,174 sf
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Summary for Subcatchment 3S: Proposed Site

Runoff = 0.97 cfs @ 12.09 hrs,  Volume= 3,428 cf,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

* 13,864 98 Impervious

13,864 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Proposed Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
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0

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=13,864 sf

Runoff Volume=3,428 cf

Runoff Depth=2.97"

Tc=6.0 min

CN=98

0.97 cfs
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Summary for Subcatchment 6S: Driveway

Runoff = 0.25 cfs @ 12.09 hrs,  Volume= 843 cf,  Depth= 2.64"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

* 3,310 98
516 74 >75% Grass cover, Good, HSG C

3,826 95 Weighted Average
516 13.49% Pervious Area

3,310 86.51% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 6S: Driveway

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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w
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0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=3,826 sf

Runoff Volume=843 cf

Runoff Depth=2.64"

Tc=6.0 min

CN=95

0.25 cfs
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Summary for Reach 4R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 97.08% Impervious,  Inflow Depth = 2.90"    for  2-Year event
Inflow = 0.87 cfs @ 12.12 hrs,  Volume= 4,272 cf
Outflow = 0.87 cfs @ 12.12 hrs,  Volume= 4,272 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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0.95
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0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Inflow Area=17,690 sf
0.87 cfs

0.87 cfs
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Summary for Pond 5P: Tank

Inflow Area = 13,864 sf,100.00% Impervious,  Inflow Depth = 2.97"    for  2-Year event
Inflow = 0.97 cfs @ 12.09 hrs,  Volume= 3,428 cf
Outflow = 0.67 cfs @ 12.17 hrs,  Volume= 3,428 cf,  Atten= 31%,  Lag= 5.2 min
Primary = 0.67 cfs @ 12.17 hrs,  Volume= 3,428 cf

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 2.69' @ 12.17 hrs   Surf.Area= 105 sf   Storage= 283 cf

Plug-Flow detention time= 5.8 min calculated for 3,428 cf (100% of inflow)
Center-of-Mass det. time= 5.7 min ( 762.1 - 756.4 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 945 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

0.00 105 0 0
9.00 105 945 945

Device Routing     Invert Outlet Devices

#1 Primary 0.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 8.00' 12.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.66 cfs @ 12.17 hrs  HW=2.65'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.66 cfs @ 7.58 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 5P: Tank

Inflow
Primary

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=13,864 sf

Peak Elev=2.69'

Storage=283 cf

0.97 cfs

0.67 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=13,864 sf   100.00% Impervious   Runoff Depth=4.46"Subcatchment 3S: Proposed Site
   Tc=6.0 min   CN=98   Runoff=1.43 cfs  5,157 cf

Runoff Area=3,826 sf   86.51% Impervious   Runoff Depth=4.12"Subcatchment 6S: Driveway
   Tc=6.0 min   CN=95   Runoff=0.38 cfs  1,314 cf

   Inflow=1.21 cfs  6,471 cfReach 4R: Boylston Street
   Outflow=1.21 cfs  6,471 cf

Peak Elev=4.75'  Storage=498 cf   Inflow=1.43 cfs  5,157 cfPond 5P: Tank
   Outflow=0.90 cfs  5,157 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 6,471 cf   Average Runoff Depth = 4.39"
2.92% Pervious = 516 sf     97.08% Impervious = 17,174 sf
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Summary for Subcatchment 3S: Proposed Site

Runoff = 1.43 cfs @ 12.09 hrs,  Volume= 5,157 cf,  Depth= 4.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

* 13,864 98 Impervious

13,864 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Proposed Site

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=13,864 sf

Runoff Volume=5,157 cf

Runoff Depth=4.46"

Tc=6.0 min

CN=98

1.43 cfs
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Summary for Subcatchment 6S: Driveway

Runoff = 0.38 cfs @ 12.09 hrs,  Volume= 1,314 cf,  Depth= 4.12"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

* 3,310 98
516 74 >75% Grass cover, Good, HSG C

3,826 95 Weighted Average
516 13.49% Pervious Area

3,310 86.51% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 6S: Driveway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=3,826 sf

Runoff Volume=1,314 cf

Runoff Depth=4.12"

Tc=6.0 min

CN=95

0.38 cfs
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Summary for Reach 4R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 97.08% Impervious,  Inflow Depth = 4.39"    for  10-Year event
Inflow = 1.21 cfs @ 12.12 hrs,  Volume= 6,471 cf
Outflow = 1.21 cfs @ 12.12 hrs,  Volume= 6,471 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=17,690 sf
1.21 cfs

1.21 cfs
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Summary for Pond 5P: Tank

Inflow Area = 13,864 sf,100.00% Impervious,  Inflow Depth = 4.46"    for  10-Year event
Inflow = 1.43 cfs @ 12.09 hrs,  Volume= 5,157 cf
Outflow = 0.90 cfs @ 12.19 hrs,  Volume= 5,157 cf,  Atten= 37%,  Lag= 6.3 min
Primary = 0.90 cfs @ 12.19 hrs,  Volume= 5,157 cf

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 4.75' @ 12.19 hrs   Surf.Area= 105 sf   Storage= 498 cf

Plug-Flow detention time= 6.0 min calculated for 5,152 cf (100% of inflow)
Center-of-Mass det. time= 6.0 min ( 755.1 - 749.1 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 945 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

0.00 105 0 0
9.00 105 945 945

Device Routing     Invert Outlet Devices

#1 Primary 0.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 8.00' 12.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.90 cfs @ 12.19 hrs  HW=4.72'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.90 cfs @ 10.28 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 5P: Tank

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=13,864 sf

Peak Elev=4.75'

Storage=498 cf

1.43 cfs

0.90 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=13,864 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment 3S: Proposed Site
   Tc=6.0 min   CN=98   Runoff=1.67 cfs  6,080 cf

Runoff Area=3,826 sf   86.51% Impervious   Runoff Depth=4.92"Subcatchment 6S: Driveway
   Tc=6.0 min   CN=95   Runoff=0.45 cfs  1,567 cf

   Inflow=1.37 cfs  7,647 cfReach 4R: Boylston Street
   Outflow=1.37 cfs  7,647 cf

Peak Elev=5.99'  Storage=629 cf   Inflow=1.67 cfs  6,080 cfPond 5P: Tank
   Outflow=1.01 cfs  6,080 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 7,647 cf   Average Runoff Depth = 5.19"
2.92% Pervious = 516 sf     97.08% Impervious = 17,174 sf
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Summary for Subcatchment 3S: Proposed Site

Runoff = 1.67 cfs @ 12.09 hrs,  Volume= 6,080 cf,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

* 13,864 98 Impervious

13,864 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Proposed Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=13,864 sf

Runoff Volume=6,080 cf

Runoff Depth=5.26"

Tc=6.0 min

CN=98

1.67 cfs
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Summary for Subcatchment 6S: Driveway

Runoff = 0.45 cfs @ 12.09 hrs,  Volume= 1,567 cf,  Depth= 4.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

* 3,310 98
516 74 >75% Grass cover, Good, HSG C

3,826 95 Weighted Average
516 13.49% Pervious Area

3,310 86.51% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 6S: Driveway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=3,826 sf

Runoff Volume=1,567 cf

Runoff Depth=4.92"

Tc=6.0 min

CN=95

0.45 cfs
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Summary for Reach 4R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 97.08% Impervious,  Inflow Depth = 5.19"    for  25-Year event
Inflow = 1.37 cfs @ 12.12 hrs,  Volume= 7,647 cf
Outflow = 1.37 cfs @ 12.12 hrs,  Volume= 7,647 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=17,690 sf
1.37 cfs

1.37 cfs
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Summary for Pond 5P: Tank

Inflow Area = 13,864 sf,100.00% Impervious,  Inflow Depth = 5.26"    for  25-Year event
Inflow = 1.67 cfs @ 12.09 hrs,  Volume= 6,080 cf
Outflow = 1.01 cfs @ 12.20 hrs,  Volume= 6,080 cf,  Atten= 39%,  Lag= 6.8 min
Primary = 1.01 cfs @ 12.20 hrs,  Volume= 6,080 cf

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 5.99' @ 12.20 hrs   Surf.Area= 105 sf   Storage= 629 cf

Plug-Flow detention time= 6.2 min calculated for 6,074 cf (100% of inflow)
Center-of-Mass det. time= 6.2 min ( 752.7 - 746.5 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 945 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

0.00 105 0 0
9.00 105 945 945

Device Routing     Invert Outlet Devices

#1 Primary 0.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 8.00' 12.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=1.01 cfs @ 12.20 hrs  HW=5.98'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.01 cfs @ 11.61 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)



Type III 24-hr  25-Year Rainfall=5.50"11496DA--2019-02-26
  Printed  2/26/2019Prepared by {enter your company name here}

Page 22HydroCAD® 10.00-20  s/n 00546  © 2017 HydroCAD Software Solutions LLC

Pond 5P: Tank

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=13,864 sf

Peak Elev=5.99'

Storage=629 cf

1.67 cfs

1.01 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=13,864 sf   100.00% Impervious   Runoff Depth=6.46"Subcatchment 3S: Proposed Site
   Tc=6.0 min   CN=98   Runoff=2.04 cfs  7,465 cf

Runoff Area=3,826 sf   86.51% Impervious   Runoff Depth=6.11"Subcatchment 6S: Driveway
   Tc=6.0 min   CN=95   Runoff=0.55 cfs  1,947 cf

   Inflow=1.61 cfs  9,412 cfReach 4R: Boylston Street
   Outflow=1.61 cfs  9,412 cf

Peak Elev=7.99'  Storage=838 cf   Inflow=2.04 cfs  7,465 cfPond 5P: Tank
   Outflow=1.17 cfs  7,465 cf

Total Runoff Area = 17,690 sf   Runoff Volume = 9,412 cf   Average Runoff Depth = 6.38"
2.92% Pervious = 516 sf     97.08% Impervious = 17,174 sf
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Summary for Subcatchment 3S: Proposed Site

Runoff = 2.04 cfs @ 12.09 hrs,  Volume= 7,465 cf,  Depth= 6.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

* 13,864 98 Impervious

13,864 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 3S: Proposed Site

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=13,864 sf

Runoff Volume=7,465 cf

Runoff Depth=6.46"

Tc=6.0 min

CN=98

2.04 cfs
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Summary for Subcatchment 6S: Driveway

Runoff = 0.55 cfs @ 12.09 hrs,  Volume= 1,947 cf,  Depth= 6.11"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

* 3,310 98
516 74 >75% Grass cover, Good, HSG C

3,826 95 Weighted Average
516 13.49% Pervious Area

3,310 86.51% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

6.0 Direct Entry, 

Subcatchment 6S: Driveway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=3,826 sf

Runoff Volume=1,947 cf

Runoff Depth=6.11"

Tc=6.0 min

CN=95

0.55 cfs
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Summary for Reach 4R: Boylston Street

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 17,690 sf, 97.08% Impervious,  Inflow Depth = 6.38"    for  100-Year event
Inflow = 1.61 cfs @ 12.12 hrs,  Volume= 9,412 cf
Outflow = 1.61 cfs @ 12.12 hrs,  Volume= 9,412 cf,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach 4R: Boylston Street

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=17,690 sf
1.61 cfs

1.61 cfs
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Summary for Pond 5P: Tank

Inflow Area = 13,864 sf,100.00% Impervious,  Inflow Depth = 6.46"    for  100-Year event
Inflow = 2.04 cfs @ 12.09 hrs,  Volume= 7,465 cf
Outflow = 1.17 cfs @ 12.21 hrs,  Volume= 7,465 cf,  Atten= 42%,  Lag= 7.3 min
Primary = 1.17 cfs @ 12.21 hrs,  Volume= 7,465 cf

Routing by Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 7.99' @ 12.21 hrs   Surf.Area= 105 sf   Storage= 838 cf

Plug-Flow detention time= 6.6 min calculated for 7,457 cf (100% of inflow)
Center-of-Mass det. time= 6.6 min ( 750.1 - 743.6 )

Volume Invert Avail.Storage Storage Description

#1 0.00' 945 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

0.00 105 0 0
9.00 105 945 945

Device Routing     Invert Outlet Devices

#1 Primary 0.00' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Primary 8.00' 12.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=1.17 cfs @ 12.21 hrs  HW=7.94'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.17 cfs @ 13.43 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 5P: Tank

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=13,864 sf

Peak Elev=7.99'

Storage=838 cf

2.04 cfs

1.17 cfs



ATTACHMENT 

 

• ALTA/ACSM Land Title Survey, prepared by Boston Survey, Inc., dated 05/13/2014 
 
  




